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OBJECf IVE — To determine the effect of niacin on fasting glucose (FG) and new-onset di- 
abetes in statin/ezetimibe-treated patients. 

RESEARCH DESIGN AND METHODS— This was a prespecrfied secondary analysis 
among 942 hyperlipidemic patients randomized to ezetimibe/simvastatin (E/S; 10/20 mg) 
or E/S + extended-release niacin (N; titrated to 2 g) over 64 weeks. 

RESULTS — FG levels peaked by 8-12 weeks, then declined even without antidiabetic med- 
ication. At 64 weeks, 3.5% taking E/S+N versus 2.6% taking E/S met criteria for new-onset 
diabetes (P = 0.66). An additional 1.4% taking E/S+N versus 0.4% taking E/S transiently met 
criteria for diabetes and then remitted (P = 0.46). Of 28 new-diabetes diagnoses in the E/S+N 
group, 25 occurred by 24 weeks. Among patients with baseline diabetes, 13.9% taking E/S+N and 
11.6% taking E/S underwent antidiabetic treatment modification. 

CONCLUSIONS — Increased FG and new-onset diabetes with E/S+N occurred mainly around 
the time of initial uptitration of N and often improved or remitted without specific treatment. 



Niacin, an effective agent for treating 
dyslipidemia, increases fasting glu- 
cose (FG) and reduces insulin sensi- 
tivity via mechanisms that remain unclear 
(1,2). This analysis of a large 64-week 
randomized, double-blind trial evalu- 
ated the effect of combination ezetimibe/ 
simvastatin (E/S) + extended-release niacin 
(N; Niaspan; Abbott Laboratories) on FG 
and new-onset diabetes in patients with 
hyperlipidemia (3,4). 

RESEARCH DESIGN AND 
METHODS — This prespecified secon- 
dary analysis assessed the effect of E/S+N 
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versus N and E/5 (24 weeks) and versus 
E/S (64 weeks) on new-onset diabetes and 
FG in type Ila/llb hyperlipidemic patients 
(3,4) (see Supplementary Fig. 2 for N-arm 
results). Men and women (aged 18-79 
years) with LDL cholesterol 3.36-4.92 
mmol/L and triglycerides <5.65 mmol/L 
were enrolled. Patients with hemoglobin 
A lc >8.0% or with repeated hypoglycemia/ 
unstable glycemic control were excluded. 
Changes in dosage or new antidiabetic 
pharmacotherapy were permitted except 
within 2 months of initial screening. 
After a 4-week washout, patients were 
treated with E/S (10/20 mg) + N (to 2 g) 



or E/S (10/20 mg). N was initiated at 0.5 
g/day and increased by 0.5 g every 4 weeks 
up to 2 g/day. 

Absence of diabetes at baseline was 
defined as FG <7.0 mmol/L, not on anti- 
diabetic medication, and no medical his- 
tory of diabetes. Criteria for new-onset 
diabetes included an adverse event 
specifying a diabetes diagnosis, initiation 
of antidiabetic medication, or two con- 
secutive FG measurements &7.0 mmol/L 

(2) . FG was measured every 4 weeks dur- 
ing 24 weeks and at weeks 32, 42, 52, 
and 64. 

RESULTS— Of 942 patients who re- 
ceived E/S (n = 272) and E/S+N (n = 670) 

(3) , 798 were nondiabetic at baseline (FG 
<7.0 mmol/L). Other baseline character- 
istics were previously reported (Supple- 
mentary Table 1) (3,4). During 64 
weeks, new-onset diabetes occurred in 
3.1% of patients on E/S vs. 4.9% on E/S+N 
(P = 0.34) (3,4) (Fig. 1A and Supple- 
mentary Table 2). In most cases, diagnosis 
of diabetes was based on consecutive FG 
measurements 5:7.0 mmol/L (E/S, 2.2%; 
E/S+N, 4.4%). Approximately 1% in each 
group initiated antidiabetic treatment; sim- 
ilar percentages had an adverse event spec- 
ifying new type 2 diabetes. New-onset 
diabetes occurred more frequently in pa- 
tients treated with E/S+N (4.4%) versus 
E/S (1.3%; P = 0.033) during 0-24 weeks 
(Fig. 1A and B). An additional 0.5% of 
patients on E/S+N and 1.7% on E/S de- 
veloped diabetes during 24-64 weeks 
(P = 0.11) (3,4). At study end, new-onset 
diabetes persisted in 3.5% of patients on 
E/S+N vs. 2.6% on E/S (P = 0.66), whereas 
1.4% taking E/S+N vs. 0.4% taking E/S 
transiently met criteria for diabetes and 
then remitted (P = 0.46) (2). Multivariate 
predictors of new-onset diabetes were 
consistent with results in the literature 
(5). The addition of niacin to E/S predicted 
new-onset diabetes in the first 24 weeks, 
but not over the entire 64-week period 
(Supplementary Table 3). 



From the department of Medicine, Division of Endocrinology, Duke University, Durham, North Carolina; the 
2 Division of Cardiovascular Medicine, Vanderbilt University Medical Center, Nashville, Tennessee; and 
3 Merck Sharp and Dohme Corporation, Whitehouse Station, New Jersey. 

Corresponding author: John R. Guyton, guyto001@mc.duke.edu. 

Received 20 July 2011 and accepted 19 December 2011. 

DOI: 10.2337/dcl 1-1369. Clinical trial reg. no. NCT00271817, clinicaltrials.gov. 

This article contains Supplementary Data online at http://care.diabetesjournals.Org/lookup/suppl/doi:10 
,2337/dcll-1369/-/DCl. 

© 2012 by the American Diabetes Association. Readers may use this article as long as the work is properly 
cited, the use is educational and not for profit, and the work is not altered. See http://creativecommons.org/ 
licenses/by-nc-nd/3.0/ for details. 



care . diabe tesj oumals . org 



Diabetes Care, volume 35, April 2012 



857 



Glycemic effects of niacin 




n=3 n=25 
0-24 



n=4 n=3 
24-64 



n=7 n=28 n=6 n=20 n=1 n=8 

0-64 study-end study-end 

persisted remitted 

weeks 



w Z'» Z'55 2'S5 Z'S? Z ' <S Z ' !? Z'<5 Z'S? Z ' <? Z' 

a J a J a s a i is ; in j a i ii j in <; ia i 



8 12 16 



Uj Ljj Hj Uj Uj Uj 

20 24 32 42 52 64 

weeks 



Week = 
Niacin (g) = 

E/S (n) = 
E/S+N In) = 



■ E/S 

■ E/S+N 




4 

0.5 
260 
602 



8 12 

1.0 1.5 

248 239 

524 465 



16 

2.0 

227 
436 



20 
2.0 

218 
406 



24 

2.0 
210 
388, 



32 
2.0 
208 
368 



42 
2.0 

201 
349 



52 
2.0 
194 
327 



64 
2.0 

178 
307 



1.7 



3 1.4 



o 
E 

a 

.£ 0.9 



.a 

E 
o 

c 

D) 
C 



1.1 



0.6 

0.3 

0.0 

O -0.3 

-0.6 
Week = 

Niacin (g) = 
E/S (n) = 

E/S+N (n) = 




_1_ 



_1_ 



_1_ 



_1_ 



_1_ 



_1_ 



_1_ 



_1_ 



_1_ 



_1_ 



4 8 12 16 20 24 32 42 52 64 

0.5 1.0 1.5 2.0 2.0 2.0 2.0 2.0 2.0 2.0 

221 212 205 194 185 178 172 167 164 149 

485 419 374 348 322 308 1 288 275 260 243 



1.7 



1.4 



1.1 



<D 

c 
ra 
.n 
O 



0.9 



0.6 



0.3 



0.0 



-0.3 



-0.6 
Week = 

Niacin <g) = 
E/S (n) = 
E/S+N (n) = 




4 8 12 16 20 24 32 42 52 64 

0.5 1.0 1.5 2.0 2.0 2.0 2.0 2.0 2.0 2.0 

24 23 

45 44 



37 
92 



32 
67 



31 
64 



29 28 
54 49 



1.7 

1.4 

1.1 

0.9 

0.6 

0.3 

0.0 

5 -0.3 

-0.6 
Week = 

Niacin (g) = 
E/S (n) = 
E/S+N (n) = 



J2 

E 
O 

<u 

O) 

c 




_1_ 



_1_ 



_1_ 



_1_ 



_1_ 



_1_ 



_1_ 



_1_ 



_1_ 



4 8 12 16 20 24 32 42 52 64 

0.5 1.0 1.5 2.0 2.0 2.0 2.0 2.0 2.0 2.0 
2222227666 



25 25 24 24 23 



25 22 20 



Figure 1 — Time course of new-onset diabetes and effects on FG. A: Summary of new-onset diabetes. Three pairs of bars on the left compare E/S versus 
E/S+N groups for patients without diabetes at baseline who developed new-onset diabetes during 0-24 weeks, 24-64 weeks, and cumulatively during 64 
weeks. Two pairs of bars on the right enumerate those who developed diabetes and still met criteria for diabetes at study end or transiently met criteria 
for diabetes, then remitted by 64 weeks (2). Details of patients who met new-onset criteria are described in Supplementary Table 2. B: Frequency of 
patients who developed new-onset by treatment interval. Mean changes from baseline in FG were generated using an ANCOVA model with terms for 
treatment and baseline FG during 24 weeks and 24-64 weeks in the full cohort (C),in patients without diabetes at baseline (D) and with diabetes at 
baseline (E), and those who developed new-onset diabetes (F). 
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Fasting glucose levels peaked by 4-8 
weeks for E/S and 8-12 weeks for E/S+N, 
then declined to baseline levels by 64 
weeks (Fig. 1C-F). Increases were greatest 
in those with diabetes at baseline and 
new-onset diabetes and were higher with 
E/S+N versus E/S in patients without dia- 
betes (Supplementary Table 4). Among 
patients with new-onset diabetes, most 
had peak FG >7.0 and <8.9 mmol/L 
(Fig. IA and Supplementary Fig. 1). Dur- 
ing 64 weeks, FG elevations to >8.9 
mmol/L occurred in four patients receiv- 
ing E/S+N and none receiving E/S. The re- 
turn to baseline FG levels occurred mostly 
without antidiabetic medications, which 
were initiated by only 0.9% on E/S+N vs. 
1.3% on E/S (P = 0.70). Among patients 
with baseline diabetes, 13.9% taking E/S 
+N and 11.6% taking E/S underwent 
changes in antidiabetic regimen. 

CONCLUSIONS The rate of new 
onset diabetes with E/S+N therapy was 
higher compared with E/S during 24 
weeks, but was only marginally higher 
over 64 weeks. Most cases of new-onset di- 
abetes with E/S+N occurred within 24 
weeks during niacin titration to the 2-g 
dose, with few additional occurrences during 
the remaining 40 weeks. Similarly, FG eleva- 
tions occurred at early times with E/S+N, 
then declined to pretreatment levels by 
64 weeks, largely without antidiabetic 
medications. No trend toward early-onset 
diabetes was observed with E/S. These ef- 
fects were not attributed to study treatment 
adherence, which remained high in both 
groups through 64 weeks (4). 

Our incidence rates for diabetes are 
somewhat exaggerated due to frequent 
FG sampling (11 times in 64 weeks) 
compared with FG monitoring in clinical 
practice. In addition, 29% of patients 
meeting criteria for new-onset diabetes on 
E/S+N remitted by study end. Most cases 
had incremental FG elevations modestly 
exceeding 7.0 mmol/L. Nevertheless, the 
clinical impact of new-onset diabetes for 
individual patients can be profound. Four 
patients on E/S+N had destabilization of 
glucose homeostasis (FG &8.9 mmol/L), 
and 8 of 798 initially nondiabetic patients 
received antidiabetic medication among 
both treatment groups. 

All new-onset diabetes in this study 
arose in patients with baseline impaired 
FG (&5.6 to <7.0 mmol/L). Among such 
patients treated with E/S+N, the rate of 
new-onset diabetes persisting at 64 weeks 
was slightly higher (10.1% in 64 weeks) 
than that suggested for impaired FG in 



general (25% in 3-5 years) (6). It should 
be noted that in addition to niacin, treat- 
ment with statins has also been associated 
with increased development of diabetes (7). 

The temporal pattern shown in this 
article may help explain apparently con- 
tradictory results in past studies. Niacin- 
induced hyperglycemia was prominent in 
studies of short duration (2-12 weeks) 
and/or at high niacin doses of 3-4.5 
g/day (1,8), whereas longer-term studies 
at lower doses (^3 g) showed only mod- 
est or statistically nonsignificant effects 
(9-11). Likewise, insulin resistance was 
found in 2-week niacin studies, whereas a 
4-month study gave no such evidence 
(1,12,13). The time course of niacin- 
induced hyperglycemia is interestingly 
similar to that of skin flushing, which is 
mediated by a G-protein-coupled receptor, 
GPR109A, and is subject to desensitization 
via (3-arrestin (14). In humans treated with 
MK-0354 (a GPR109A agonist that lacks 
effects on lipoproteins), FG and insulin 
trended higher (15). Either niacin or MK- 
0354 binding to GPR109A strongly inhibits 
adipocyte triglyceride lipolysis and fatty- 
acid release, and the resulting perturbation 
in fuel supply might be linked to increased 
FG and insulin levels. We speculate that the 
waning of niacin's hyperglycemic effect, 
analogous to flushing, could be related to 
potential desensitization of GPR109A on 
adipocytes. 

Our ability to define glycemic responses 
fully was limited by the study design, op- 
timized to evaluate drug effects on lipids 
and safety. Characterization of incident 
diabetes was limited by the small number 
of cases; nonetheless, the low incidence is 
reassuring. As with any secondary analysis, 
these results are considered hypothesis- 
generating. 

In summary, combination E/S+N pro- 
duced small initial increases in FG and 
new diagnoses of diabetes that dissipated 
over time, largely without the use of anti- 
diabetic medication. Consistent with 
guidelines, niacin is a reasonable option 
to treat dyslipidemia in patients with or 
at risk for diabetes, but risk/benefit should 
be weighed, and glucose should be 
checked periodically (2). 
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